Weight reduction programs usually improve the exercise capacity of patients with chronic exogenous obesity. However, the reversibility of left ventricular hypertrophy and dysfunction associated with obesity is unknown. Accordingly, an analysis was made of hemodynamic data obtained by cardiac catheterization and standard chest roentgenograms in nine markedly obese patients before and after weight loss of 39 to 84 kg (24 to 55% of control weight) over periods of 4 to 34 months. In each case body oxygen uptake (360 to 297 ml/min), blood volume (7.8 to 6.1 liters), cardiac output (7.9 to 6.2 liters/min), and arteriovenous oxygen difference (4.6 to 4.0 vol. %) were significantly reduced after weight loss. Systemic arterial pressure declined (102 to 87 mm Hg) while systemic vascular resistance changed insignificantly (1,067 to 1,141 dynes-sec-cm-). In seven subjects comparable chest roentgenograms before and after weight reduction revealed decrease in the cardiothoracic ratio, suggesting a reduction in left ventricular dimensions. These results have been interpreted as indicating that the circulatory effects of gross obesity are largely reversible with weight loss. Despite reductions in left ventricular stroke work, stroke volume, and cavitv size at rest, the average left ventricular filling pressure rose with exercise to a comparable and abnormal level (20 mm Hg) both before and after weight loss. Thus, evidence of left ventricular dysfunction persisted, suggesting that myocardial hypertrophy and reduced ventricular compliance did not regress significantly with weight loss over periods as long as 3 years.
Hemodynamics of obesity Exercise
very obese persons than in subjects at ideal body weight.-,' Also, the findings of elevated left ventricular end-diastolic pressure at rest or during exercise and myocardial hypertrophy at necropsy have indicated left ventricular dysfunction.3 To assess the reversibility of these cardiovascular effects of gross obesity, nine volunteer subjects were studied before and after prolonged periods of weight reduction.
Methods The subjects investigated included seven women and two men. They ranged in age from 22 to 59 years, weighing from 112 to 218 kg, more than twice the ideal weight in each case. Weight losses of 39 to 84 kg, averaging 53 kg and varying from 24 to 55% of control weight, were effected by caloric restriction alone over periods of 4 to 34 months ( Likewise, a uniform reduction was noted in total blood volume in all six subjects with satisfactory measurements. Although the average total blood volume fell from 7.8 liters to 6.1 liters (P <0.05) with weight loss, there was an increase in the mean blood volume per kilogram of body weight from 50 to 61 ml (P<0.05), presumably reflecting the smaller blood volume per unit weight of adipose a 500 r 450 -E E C) 0 cc patient was exogenous obesity. Endocrine disorders were excluded by appropriate tests.
Seven subjects underwent right heart catheterization while systemic arterial pressure was monitored through an intraarterial needle. The remaining two subjects underwent both right and left heart catheterization. Retrograde catheterization of the left ventricle was performed through a brachial arteriotomy. In those instances in which left ventricular diastolic pressure was not measured directly, the mean pulmonary capillary wedge pressure was utilized as an index of left ventricular end-diastolic pressure, recognizing that the presence of a large a wave, a common finding in these patients, would render this value an underestimation.5 Leg exercise was performed in the supine position on a bicycle ergometer. Expired air and blood gas analyses were carried out by standard micro-Scholander and Van Slyke manometric technics to permit determination of cardiac output by the Fick method for oxygen. 6 7 Plasma volume was measured by the dye-dilution technic using Evans blue as indicator. Total blood volume was calculated from the plasma volume and hematocrit. Left ventricular stroke work (in gram-meters) was approximated as the product of stroke volume (ml), and mean systemic arterial pressure (cm H20), divided by 100. Systemic vascular resistance was approximated as the product of 1,332 and the mean systemic arterial pressure (mm Hg) divided by the cardiac output (ml/ see).
Results
Weight reduction was associated with a consistent and significant fall in total-body 02 consumption (V02) at rest in all subjects. V02 averaged 360 ml/ min before and 297 ml/min after weight loss, a 17.5% decrease (P < 0.005; fig. la Abbreviations: VO2 = total-body oxygen consumption (cc/min); A-Vo2 = arteriovenous oxygen difference; CO cardia output (liters/min); SAP = systemic arterial pressure (mm Hg); LVEDP = left ventricular end-diastolic pressure (mm Hg) PAW = mean pulmonary arterial wedge pressure (mm Hg); PA = pulmonary artery pressure (mm Hg); SVR = systemi(e-: vascular resistance (dynes-see-em-5); TBV = total blood volume (liters); A = change; SD = standard deviation; R = rest,
*Numbers in parentheses are mean pressures.
tissue as compared to lean body mass2 ( fig. 2a and table 2).
There was indirect evidence of decrease in left ventricular cavity dimensions8 in that all seven of the nine subjects whose chest roentgenograms were comparable had a signi-ficant decrease in the transverse diameter of the cardiac silhouette (P < 0.025; table 3) after weight reduction. In three of these five subjects a diminution in pulmonary vascular congestion was also noted. A fig. 2a and table 2). However, as with blood volume, blood flow per kilogram body weiglht increased from 49 ml to 60 ml (P < 0.05).
Although there were variable effects on heart rate, stroke volume at rest decreased in seven subjects and was unchanged in two. Mean stroke volumes were 107 ml and 92 ml (P<(0.05) before and after weight reduction 13 17 14 25a 5 Effect of tweight loss on )lood eolumne and carcdliac outjut (a), and on left tentr icular stroke voluFne an0d stroke work-bcfore and after treigbh rieduction (b). Figure 1 .
Symriibols as in
( fig. 2b and Abbreviations: MS = midspine; RB = right border; LB = left border; TI) = thoracic diameter; CT = cardiothoracic ratio; Ns = not significant ( P> 0.05). Relation between left ventricular end-diastolic pressure and stroke work at rest and exercise, before and after weight reduction. of the four cases measured, from an average of 11 at rest to 20 mm Hg. Following weight Circulation, Volume XLV, February 1972 reduction these pressures at rest fell to an average of 9 mm Hg, but again rose abnormal- Abbieviatioins: 1B rest; E = exercise; HI. -heart rate /mill; SV = stroke volume (cc); LVSWleft veintlicular stroke work (g-m); LVW = left veintricuilar work (kg-mimim); ALVW = chaiige in left ventricular work (kg-m); Akg = chanige in weight (kg); N5s = nH1ot significallt; SD = standard deviationl. ly during exercise to an average of 20 mm Hg, a level equal to that prior to weight reduction, despite a lower average stroke work ( fig. 4 ). Thus, there was no improvement in ventricular function after weight reduction as indicated by the relation between left ventricular filling pressure and. stroke work during exercise ( fig. 4 ).
Discussion
These observations indicate that most of the circulatory effects of marked obesity are reversible with weight loss. Reduction in body oxygen uptake reflects the decrease in metabolic demand with loss of tissue mass. Parallel reductions in cardiac output and circulating blood volume accompany the diminished oxygen transport required for a lesser total aerobic metabolism.
Since systemic vascular resistance remained unchanged after weight loss, the consistent fall in mean systemic arterial pressure and reduction in left ventricular afterload can also be linked to decreased total metabolic activity Circulataion, Volume XLV. Febr?ari 1972 Patient no. I p and cardiac output. It has been previously observed in a larger series of obese subjects that systemic vascular resistance was either normal or subnormal.9 These studies emphasize the advantage of weight reduction in the management of hypertension accompanying exogenous obesity over the use of agents to reduce systemic vascular resistance.
This group of obese subjects demonstrated normal cardiac output response to exercise.' However, when the ratio of decrement of cardiac output to the decrement in oxygen uptake with weight loss (at rest) was calculated, it became apparent that this ratio was approximately twice the so-called "exercise factor" noted during exercise in normal subjects10 (table 2) . Therefore, in this respect, the heart is less efficient in meeting the increased metabolic demand imposed by adipose tissue as compared to that of exercise. Perhaps this difference is explicable by a markedly reduced or absent oxygen debt mechanism with marked obesity as contrasted to exercise. However, the greatly increased cardiac output in relation to oxygen demand might be partially mitigated by a widened arteriovenous oxygen difference. The fall in arteriovenous oxygen difference with weight reduction demonstrated that increased oxygen extraction is, in fact, one mechanism which minimizes the demand for oxygen delivery by the circulatory system in obese subjects.
A change in left ventricular performance in the subjects studied was detected primarily by a reduction in stroke volume and stroke work. Decreased resting stroke volume after weight loss could result from reduced end-diastolic ventricular volume and end-diastolic fiber length through the Frank-Starling mechanism, a change in myocardial contractility, or an increase in left ventricular afterload. Reduced end-diastolic volume as the primary determinant of a lesser stroke volume is supported by the observation of diminished heart size,8 and reduced total blood volume. Although the possibility of altered myocardial contractility could not be assessed from the data obtained in this study, the change in the relation between LVSW and LVEDP suggests that Circulation. Volume XLV, February 1972 these subjects may well have been moving down the ascending limb of the same ventricular function curve with weight loss (fig. 4 ). The fall in stroke volume cannot be attributed to an increased afterload since the primary determinants of afterload, the systemic arterial pressure and ventricular dimensions, were both reduced with weight loss. The observation that the decrease in total left ventricular work per minute paralleled closely the reduction in weight loss suggests that these variables are linearly related in man. It also supports the concept that the myocardial hypertrophy seen in obese subjects is a consequence of prolonged increase in cardiac work. 3 The fact that the LVEDP remained abnormally elevated during exercise suggests continuing left ventricular dysfunction even after profound weight loss. That this ventricular dysfunction is secondary to decreased compliance associated with myocardial hypertrophy is suggested by necropsy studies on grossly obese individuals showing an increase in heart size and veight, with predominant left ventricular hypertrophy. Moreover, the persistently elevated LVEDP during exercise is interpreted as an indication that myocardial hypertrophy associated with gross obesity does not regress significantly with weight loss over periods as long as 3 years. Further substantiation of these conclusions may be forthcoming from ventricular pressure-volume data and direct measurements of ventricular wall thickness in obese patients undergoing drastic veight reduction programs.
